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Description 

BACKGROUND OF THE INVENTION 

1 Field of the Invention 

The present invention relates to a protonic conduc- 
tor, which uses protons as a species of conducting ions, 
and also to an electrochemical device, such as a fuel 
cell, using such a protonic conductor. 

2.Description of the Prior Art 

Solid substances with ions moving therein have 
been intensively studied as prospective material for 
cells and other electrochemical devices. Ionic conduc- 
tors found so far include various species of conducting 
ions, such as Li+ Ag+ Cu + , H + , and F\ Ionic conductors 
with proton (H + ) functioning as a species of conducting 
ions are expected to be utilized in various electrochem- 
ical devices including fuel cells and electrochromic dis- 
play devices as shown below. 

The reaction expressed by Equation (1) given be- 
low proceeds in fuel cells using gaseous hydrogen as a 
fuel. Protons generated through this reaction move in 
the electrolyte and are consumed at the air electrode by 
the reaction expressed by Equation (2) given below. Ap- 
plication of a protonic conductor as an electrolyte allows 
construction of fuel cells using gaseous hydrogen as a 
fuel. 

H 2 ->2H + +2e~ (1) 

1/2 0 2 +2H + ->H 2 0 (2) 

Polymer electrolyte fuel cells using an ion-ex- 
change membrane as the protonic conductor have been 
developed extensively and are expected to be prospec- 
tive power sources for stationary applications and on 
electric vehicles. 

Oxides of transition metals, such as tungsten oxide 
and molybdenum oxide, change color by the flow of pro- 
tons into and out of the ion site in the crystal lattices. For 
example, tungsten oxide is faded yellow in its general 
state but changes to blue by insertion of protons into the 
crystal lattices by the electrochemical reaction ex- 
pressed by Equation (3) given below. This reaction is 
reversible, so that oxides of transition metals are usable 
as materials of display elements (electrochromic display 
elements) and light adjustment glass. In such applica- 
tions, the protonic conductive substance should be used 
as an electrolyte. 

W0 3 + XH + + Xe 

-> H x WO a (3) 

A variety of electrochemical devices can be pre- 
pared using the protonic conductor as an electrolyte. 



The protonic conductor used to construct the electro- 
chemical devices is required to show a high protonic 
conductivity at room temperature. Known examples of 
such protonic conductors include inorganic substances 
5 such as uranylphosphoric acid hydrate and molyb- 
dophosphoric acid hydrate, and organic substances 
such as high-molecular ion-exchange membranes with 
perfluorosulfonic acid-containing side chains bound to 
vinyl fluoride polymers. 
10 The inorganic protonic conductors, in which protons 
contained in water of crystallization contribute to electric 
conduction, have a problem of lowered protonic conduc- 
tivity due to the elimination of water of crystallization at 
high temperature. 
is Among various electrochemical devices using the 
protonic conductor, fuel cells are prospective power 
sources for stationary applications and on electric vehi- 
cles for generating relatively large current. For that pur- 
pose, the formation of solid electrolyte layers of large 
20 area is required. 

One of the advantages of electrochromic display el- 
ements is a wide field of vision. Electrochromic display 
elements do not use polarizers unlike liquid crystal dis- 
play elements, thereby realizing recognition in a wide 
25 angle range. This characteristic makes the electrochro- 
mic display elements effective for display of a large area, 
compared with other display elements such as liquid 
crystal display elements. Forming electrolyte layers of 
large area is thus essential for this application. 
30 There are several known techniques applicable to 
prepare thin films of inorganic substances, for example, 
vapor deposition and casting. 

The method of preparing thin films by vapor depo- 
sition, however, has a relatively high cost and has diffi- 
35 culty in producing thin films of large areas. 

The casting technique gels a protonic conductor- 
containing sol cast on a substrate to yield a thin film of 
the protonic conductor having a large area. The thin 
films prepared by this casting technique, however, have 
40 pores formed during evaporation of a solvent. In the ap- 
plication of the protonic conductor to fuel cells, since the 
active materials in fuel cells are gaseous hydrogen and 
gaseous oxygen, these gases may pass through the 
pores formed in the protonic conductor gel, thereby low- 
45 ering the efficiency of power generation. 

One method proposed for solving the above prob- 
lem and preparing an electrolyte layer of large area adds 
a thermoplastic resin to a polymer electrolyte powder. 
The method of adding a thermoplastic resin to a 
50 compound generating protonic conduction by means of 
water of crystallization, however, causes the thermo- 
plastic resin to interfere with the hopping movement of 
protons between molecules of water of crystallization, 
thus lowering the protonic conductivity. 
55 Ion-exchange membranes give thin films of large 
area with excellent working properties by a relatively 
simple process but at a rather high cost. Development 
of low cost protonic conductors has accordingly been in 
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high demand. Ion-exchange resins show high ionic con- 
ductivity only in a range of high water content (several 
tens percent) and decreased protonic conductivity un- 
der dry conditions. 

SUMMARY OF THE INVENTION 

As described in detail below, the present invention 
can provide a protonic conductor having excellent pro- 
tonic conductivity which is not substantially lowered 
even in a dry atmosphere, and an electrochemical de- 
vice using such a protonic conductor. 

The present invention is directed to a protonic con- 
ductor comprising a silicon oxide doped with a Brtynsted 
acid and a thermoplastic elastomer. 

In accordance with one preferable embodiment, the 
Brensted acid comprises phosphoric acid or a derivative 
thereof. 

In accordance with another preferable embodi- 
ment, the Bronsted acid comprises perchloric acid or a 
derivative thereof. 

It is also preferable that the silicon oxide doped with 
the Bronsted acid is synthesized by a sol-gel method. 

The present invention is also directed to an electro- 
chemical device (e.g. element) using the protonic con- 
ductor described above. 

Preferred embodiments of the invention will now be 
described by way of example with reference to the draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical cross-sectional view illustrating 
a working electrode 4 included in an electrochromic dis- 
play element of Example 9. 

FIG. 2 is a vertical cross-sectional view illustrating 
the structure of the electrochromic display element pre- 
pared in Example 9. 

FIG. 3 is a vertical cross-sectional view illustrating 
an oxygen-hydrogen fuel cell prepared in Example 10. 

FIG. 4 shows a current-voltage curve representing 
the properties of the oxygen -hydrogen fuel cell. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Silicon oxide includes -OH groups as its surface ter- 
minal group, where protons in the -OH groups contribute 
to ionic conduction. A Brensted acid added to silicon ox- 
ide acts as a donor of protons to silicon oxide. This in- 
creases the concentration of movable ions and thereby 
realizes high protonic conductivity. 

A thermoplastic elastomer on the surface of such a 
protonic conductor generates an interaction between 
the -OH group and the thermoplastic elastomer, thereby 
forming a favorable proton conductive layer on the in- 
terface therebetween. This gives a protonic conductor 
having flexibility and good working properties while 



maintaining the high ionic conductivity. 

One typical example of known protonic conductors 
using silicon oxide is a silica gel with sulfuric acid carried 
on the surface thereof. In the protonic conductor ob- 
s tained in the present invention, the position of an -OH 
group-induced absorption band in infrared absorption 
spectra varies with the concentration of the Bronsted ac- 
id added. This means that the protonic conductor of the 
present invention does not simply carry an acid on the 
surface thereof but is formed as a compound of silicon 
oxide and a Brensted acid. 

Substances causing protonic conduction by means 
of water of crystallization naturally lose the water in a 
dry atmosphere, which results in lower protonic conduc- 
tivity. In the protonic conductor of the present invention, 
on the other hand, protonic conduction mainly arises 
from the -OH groups bonded to the surface of silicon 
oxide. The chemically bound -OH groups are not easily 
eliminated even in a dry atmosphere, whereby the pro- 
tonic conductivity of the protonic conductor is main- 
tained at a substantially constant level. 

Phosphoric acid and its derivatives are trivalent 
Brensted acids. Protonic conductors synthesized with 
such trivalent Brensted acids have high ionic conductiv- 
ity because of the high proton concentration. Phosphor- 
ic acid and its derivatives are thus especially preferable 
for the Brensted acid used in the present invention. 

Perchloric acid shows a prominent action as a pro- 
ton donor. Addition of this Brensted acid for doping sil- 
icon oxide gives a protonic conductor with high protonic 
conductivity. Perchloric acid is thus also especially pref- 
erable for the Brensted acid of the present invention. 

Substantially all the -OH groups bonded to silicon 
oxide exist on the surface of silicon oxide. The com- 
pound of silicon oxide and a Brensted acid synthesized 
by the sol-gel method has a high specific surface area 
and a high density of -OH groups, thereby possessing 
excellent protonic conductivity. This shows that the sol- 
gel method is preferably used for synthesizing the pro- 
tonic conductor of the present invention. 

The protonic conductor thus obtained forms a thin 
film of a large area by a relatively simple process, there- 
by being preferably applicable to an electrolyte of elec- 
trochemical devices. 

The present invention will be described more spe- 
cifically presenting some examples. 

[Example 1] 

For preparation of a protonic conductor in Example 
1 , a silica gel doped with phosphoric acid was used as 
a silicon oxide doped with a Brensted acid and styrene- 
ethylene-butene-styrene copolymer (hereinafter re- 
ferred to as SEBS) prepared by hydrogenating styrene- 
butadiene-styrene copolymer as a thermoplastic elas- 
tomer. 

The silica gel doped with phosphoric acid was pre- 
pared in the following manner. 
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Tetraethoxysilane (hereinafter referred to as TEOS) 
used as a starting material for the synthesis of silica gel 
was diluted with ethanol; the molar ratio of TEOS to eth- 
anol was adjusted to 1 :4. Pure water, a 3.6% by weight 
of aqueous hydrochloric acid, and tetraethylammonium 
tetrafluoroborate were further added to the ethanol so- 
lution of TEOS in the molar ratio of 8, 0.01 (as HCI), and 
0.01 to TEOS and stirred for 5 minutes. After addition of 
85% by weight aqueous phosphoric acid at a molar ratio 
of TEOS to H3PO4 of 1 :0.5, the mixture was stirred in a 
sealed vessel for 3 hours. The solution was left 5 hours 
for gelation and dried under reduced pressure at 60°C 
for 2 hours to yield a silica gel doped with phosphoric 
acid. 

The phosphoric acid-doped silica gel thus synthe- 
sized was ground and then added with stirring to toluene 
with SEBS dissolved therein. The resultant weight ratio 
of silica gel to SEBS was 20:1 . A proton ic conductor was 
obtained by stirring the mixture to evaporate toluene. 

The ionic conductivity of the protonic conductor thus 
prepared was measured according to the method de- 
scribed below. 

An electrode used for measuring electric conductiv- 
ity was prepared by pressure-molding 200 mg of the pro- 
tonic conductor to a disk-shaped pellet of 10 mm diam- 
eter and pressure-welding gold foil to both surfaces of 
the pellet. The electric conductivity of the protonic con- 
ductor was measured at room temperature by the alter- 
nating current impedance method using the electro- 
chemical cell thus prepared. The measurement of Ex- 
ample 1 revealed an ionic conductivity of 2.9X1 0' 3 S/ 
cm. 

The protonic conductor was kept in a desiccator us- 
ing diphosphorus pentoxide as a desiccant for 7 days. 
Measurement of the protonic conductor after being kept 
in the dry atmosphere showed no significant decrease 
in electric conductivity. 

The protonic conductor obtained in Example 1 had 
high ionic conductivity, which was not substantially low- 
ered even in a dry atmosphere. 

[Example 2] 

Instead of phosphoric acid as used in Example 1 , 
perchloric acid was used for the Br<j>nsted acid of the 
protonic conductor in Example 2. 

In the same manner as in Example 1, pure water 
and hydrochloric acid were added to TEOS diluted with 
ethanol. The molar ratio of TEOS to ethanol to pure wa- 
ter to hydrochloric acid was 1:8:4:0.05. Perchloric acid 
was then added to the solution until occupying 20% of 
the expected weight of the resultant perchloric acid- 
doped silica gel. The solution mixture was stirred at 
room temperature for 3 hours, left 5 hours for gelation, 
and dried under reduced pressure at 60°C for 2 hours 
to yield a silica gel doped with perchloric acid. 

A toluene solution of SEBS was added with stirring 
to the perchloric acid-doped silica gel thus synthesized. 



The resultant weight ratio of SEBS to silica gel was 1: 
50. A protonic conductor was obtained by stirring the 
mixture to evaporate toluene. 

The ionic conductivity of the protonic conductor thus 
s prepared was measured in the same manner as in Ex- 
ample 1 . 

The measurement of Example 2 revealed an ionic 
conductivity of 3.2X1 0" 2 S/cm. Measurement of the pro- 
tonic conductor after being kept in a dry atmosphere 
10 showed no significant decrease in electric conductivity. 

The protonic conductor obtained in Example 2 had 
high ionic conductivity, which was not substantially low- 
ered even in a dry atmosphere. 

is [Example 3] 

Instead of phosphoric acid used in Example 1 , do- 
decatungstophosphoric acid (H 3 PW 12 O 40 -29H 2 O), one 
of the derivatives of phosphoric acid, was used for the 

20 Brensted acid of the protonic conductor in Example 3. 

A silica gel doped with tungstophosphoric acid was 
prepared in the same manner as in Example 2 except 
that dodecatungstophosphoric acid was used in place 
of perchloric acid. Dodecatungstophosphoric acid was 

25 added to the mixture of TEOS, ethanol, pure water, and 
hydrochloric acid until occuping 45% of the expected 
weight of the resultant tungstophosphoric acid-doped 
silica gel. 

A toluene solution of SEBS was added with stirring 
30 to the tungstophosphoric acid-doped silica gel thus syn- 
thesized. The resultant weight ratio of SEBS to silica gel 
was 1 :70. A protonic conductor was obtained by stirring 
the mixture to evaporate toluene. 

The ionic conductivity of the protonic conductor thus 
35 prepared was measured in the same manner as in Ex- 
ample 1. 

The measurement of Example 3 revealed an ionic 
conductivity of 2. 1 X1 0 -3 S/cm. This means that the pro- 
tonic conductor obtained in Example 3 had high ionic 
40 conductivity. 

[Example 4] 

A protonic conductor was prepared in the same 
45 manner as in Example 3 except that dodecamolyb- 
dophosphoric acid (H 3 PMo 12 O 40 -29H 2 O), one of the de- 
rivatives of phosphoric acid, was used for the Bronsted 
acid, instead of phosphoric acid used in Example 1 . 
The ionic conductivity of the protonic conductor thus 
so obtained was measured in the same manner as in Ex- 
ample 1 . The measurement of Example 4 revealed an 
ionic conductivity of 1.8X10 _3 S/cm. This means that 
the protonic conductor obtained in Example 4 had high 
ionic conductivity. 

55 

[Example 5] 

A protonic conductor was prepared in the same 
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manner as in Example 3 except that silicon isopropoxide 
was used as the material for producing silicon oxide, in- 
stead of TEOS as used in Example 1 . 

The ionic conductivity of the protonic conductor thus 
obtained was measured in the same manner as in Ex- 
ample 1 . The measurement of Example 5 revealed an 
ionic conductivity of 1.5X10 3 S cm. Measurement of 
the protonic conductor after being kept in a dry atmos- 
phere showed no significant decrease in electric con- 
ductivity. 

The protonic conductor obtained in Example 5 had 
high ionic conductivity, which was not substantially low- 
ered even in a dry atmosphere. 

[Example 6] 

A protonic conductor was prepared in the same 
manner as in Example 1 except that the amount of 
SEBS used as the thermoplastic elastomer was 
changed. 

A silica gel doped with phosphoric acid was synthe- 
sized in the same manner as in Example 1 . A toluene 
solution of SEBS was added with stirring to the phos- 
phoric acid-doped silica gel. The resultant weight ratio 
of SEBS to silica gel was 1:50. A protonic conductor was 
obtained by stirring the mixture to evaporate toluene. 

The ionic conductivity of the protonic conductor thus 
prepared was measured in the same manner as in Ex- 
ample 1 . 

The measurement of Example 6 revealed an ionic 
conductivity of 4.7X10 - 3 S/cm. Measurement of the 
protonic conductor after being kept in a dry atmosphere 
showed no significant decrease in electric conductivity. 

The protonic conductor obtained in Example 6 had 
high ionic conductivity, which was not substantially low- 
ered even in a dry atmosphere. 

[Example 7] 

A protonic conductor was prepared in the same 
manner as in Example 1 except that a hydrogenated sty- 
rene-butadiene copolymer (DYNARON 0900P manu- 
factured by Japan Synthetic Rubber Co., Ltd.) was used 
as the thermoplastic elastomer, instead of SEBS used 
in Example 1 . 

The ionic conductivity of the protonic conductor thus 
prepared was measured in the same manner as in Ex- 
ample 1. The measurement of Example 7 revealed an 
ionic conductivity of 3.2X10 " 3 S/cm. Measurement of 
the protonic conductor after being kept in a dry atmos- 
phere showed no significant decrease in electric con- 
ductivity. 

The protonic conductor obtained in Example 7 had 
high ionic conductivity, which was not substantially low- 
ered even in a dry atmosphere. 



[Example 8] 

A protonic conductor was prepared in the same 
manner as in Example 1 except that a styrene-butadi- 
5 ene block copolymer (TR 2000 manufactured by Japan 
Synthetic Rubber Co., Ltd.) was used as the thermo- 
plastic elastomer, instead of SEBS used in Example 1. 

The ionic conductivity of the protonic conductor thus 
prepared was measured in the same manner as in Ex- 
io ample 1. The measurement of Example 8 revealed an 
ionic conductivity of 2.5X10 ~ 3 S/cm. Measurement of 
the protonic conductor after being kept in a dry atmos- 
phere showed no significant decrease in electric con- 
ductivity. 

is The protonic conductor obtained in Example 8 had 
high ionic conductivity, which was not substantially low- 
ered even in a dry atmosphere. 

[Example 9] 

20 

An electrochromic display element was prepared 
from the protonic conductor of Example 1 . The process 
of preparation is described with reference to FIG. 1 and 
FIG. 2 of the accompanying drawings. 

25 In this example, a thin film of tungsten oxide (WO a ) 
was used as a working electrode 4 of an electrochromic 
display element (see FIG. 2). The working electrode 4 
included a glass substrate 1, an ITO layer 2 functioning 
as a transparent electrode and formed on the surface of 

30 the glass substrate 1 by spatter vapor deposition, and 
a thin film of tungsten oxide 3 formed over the ITO layer 
2 by vapor deposition with an electron beam as shown 
in FIG. 1. 

A proton-doped thin film of tungsten oxide (H^WOg) 
35 synthesized in the following manner was used as a 
counter electrode 8 (FIG. 2). 

In the same manner as used in the working elec- 
trode 4, an ITO electrode 6 and then a thin film of tung- 
sten oxide 7 were formed on the surface of a glass sub- 
40 strate 5. The glass substrate 5 with the ITO electrode 6 
and the thin film of tungsten oxide 7 formed thereon was 
soaked in an aqueous solution of hexachlorop latin ic ac- 
id (H 2 PtCI 6 ) and then dried in a stream of hydrogen, so 
that tungsten oxide was converted to tungsten bronze 
45 (H x W0 3 ). 

An electrolyte layer 9 of the electrochromic display 
element was formed according to the method described 
below. 

A toluene solution of SEBS was added to the phos- 
50 phoric acid-doped silica gel obtained in Example 1 . Alu- 
mina powder was further added to the silica gel at a 
weight ratio of 1 0% to color the electrolyte layer 9 white, 
since the electrolyte layer 9 also served as a reflector of 
the electrochromic display element. The mixture was 
55 kneaded to a slurry, which was applied in a thickness of 
50um onto the surface of the working electrode 4 with 
a doctor blade to form the electrolyte layer 9. 

The counter electrode 8 was joined with the working 
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electrode 4 to cover the electrolyte layer 9 formed on 
the surface of the working electrode 4. After evaporation 
of toluene under reduced pressure, the laminate was 
sealed on its end faces with an ultraviolet curing resin 
10 to complete the electrochromic display element. FIG. 
2 shows a cross-section of the resultant electrochromic 
display element. The working electrode 4 and the coun- 
ter electrode 8 were respectively connected to lead ter- 
minals 11 and 12. 

A working cycle test was carried out for the electro- 
chromic display element thus obtained. The working cy- 
cle test repeats application of a voltage of -1 V to the 
working electrode 4 against the counter electrode 8 for 
2 seconds to color the working electrode 4 and then a 
voltage of +1 V to the working electrode 4 for another 2 
seconds to achromatize the working electrode 4. No de- 
terioration of the performance, that is, no deterioration 
of the chromatic and achromatic properties, was ob- 
served in the electrochromic display element even after 
a test of 10,000 cycles. 

Thus, an effective electrochromic display element 
was obtained using the protonic conductor of the 
present invention. 

[Example 10] 

An oxygen -hydrogen fuel cell having the cross-sec- 
tion shown in FIG. 3 was prepared from the protonic con- 
ductor obtained in Example 1 . 

The phosphoric acid-doped silica gel of Example 1 
was mixed with a toluene solution of SEBS and kneaded 
to a slurry. The slurry was applied in a thickness of 50 
u.m onto the surface of a polytetrafluoroethylene plate 
with a doctor blade. After evaporation of toluene under 
reduced pressure, the applied film was peeled off the 
polytetrafluoroethylene plate and used as an electrolyte 
layer 22 of the fuel cell. 

Gas diffusion electrodes 20 and 21 used herein 
were those with 0.35 mg/cm 2 platinum carried thereon 
(manufactured by E-Tech Corporation). The same silica 
gel as that used for the preparation of the electrolyte 
layer 22 was dispersed in a toluene solution of SEBS. 
The resultant dispersion was sprayed onto the gas dif- 
fusion electrodes 20 and 21 , which were then dried un- 
der reduced pressure. The gas diffusion electrodes 20 
and 21 and the electrolyte layer 22 interposed therebe- 
tween were hot-pressed at a temperature of 150°C to 
yield a fuel cell element. 

As shown in FIG. 3, the fuel cell element thus ob- 
tained was interposed between a first stainless steel 
block 29 with an H 2 gas inlet 23, a fuel chamber 24 and 
an H 2 gas outlet 25 and a second stainless steel block 
30 with an 0 2 gas inlet 26, an oxygen chamber 27 and 
an 0 2 gas outlet 28. The laminate was then clamped 
with a pair of fiber-reinforced plastic clamping rods 31 
and 32 with electrically insulating properties to form a 
test fuel cell. The test fuel cell further includes a drain 
for H 2 0 33, an anode terminal 34, and a cathode termi- 



nal 35. 

The relationship between the output current and the 
voltage of the test fuel cell was measured by feeding 
gaseous hydrogen pressurized to 3 atmospheres to the 
s fuel electrode and the air pressurized to 5 atmospheres 
to the air electrode. The voltage-current curve obtained 
is shown in FIG. 4. 

The test fuel cell showed a voltage of over 0.7V 
against the electric current of 400 mA/cm 2 This means 
10 that the fuel cell obtained in Example 1 0 has high output 
characteristics. 

Thus, a fuel cell of excellent properties was ob- 
tained using the protonic conductor of the present in- 
vention. 

is Although the styrene-ethylene-butene-styrene co- 
polymer, hydrogenated styrene-butadiene copolymer, 
and styrene-butadiene block copolymer were used as 
the thermoplastic elastomer in the above examples, oth- 
er thermoplastic elastomers may also be used to exert 

20 similar effects. The present invention is not restricted in 
any sense to the thermoplastic elastomers used in the 
examples. 

Although phosphoric acid, its derivatives, and per- 
chloric acid were used as the Br^nsted acid in the above 

25 examples, other Brtynsted acids, such as boric acid and 
silicic acid, and mixtures of these Br<j)nsted acids may 
also be used to exert similar effects. The present inven- 
tion is not restricted in any sense to the Brtynsted acids 
used in the examples. 

30 in the above examples, the electrochromic display 
element and the fuel cell were described as typical ex- 
amples of electrochemical devices using the protonic 
conductor of the present invention, the protonic conduc- 
tor of the present invention may also be applicable to 

35 other electrochemical devices such as pH sensors. The 
present invention is not restricted in any sense to the 
electrochemical devices described in the examples. 



40 Claims 

1. A protonic conductor comprising a silicon oxide 
doped with a Bronsted acid and a thermoplastic 
elastomer. 

45 

2. A protonic conductor in accordance with claim 1 , 
wherein said Bronsted acid comprises phosphoric 
acid or a derivative thereof. 

50 3. a protonic conductor in accordance with claim 1, 
wherein said Bronsted acid comprises perchloric 
acid or a derivative thereof. 

4. A protonic conductor in accordance with claim 1 , 2 
55 or 3, wherein said silicon oxide doped with said 

Bronsted acid is synthesized by a sol-gel method. 

5. An electrochemical device comprising a pair of 
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electrodes and a proton ic conductor interposed be- 
tween said pair of electrodes, wherein said protonic 
conductor comprises a silicon oxide doped with a 
Bronsted acid, and a thermoplastic elastomer. 

5 

6. An electrochemical device in accordance with claim 
5, wherein said Bronsted acid comprises phosphor- 
ic acid or a derivative thereof. 

7. An electrochemical device in accordance with claim 10 
5, wherein said Bronsted acid comprises perchloric 
acid or a derivative thereof. 

8. An electrochemical device in accordance with claim 

5, 6 or 7, wherein said silicon oxide doped with said is 
Bronsted acid is synthesized by a sol -gel method. 

9. An electrochemical device comprising a pair of 
electrodes and a protonic conductor in accordance 
with any one of claims 1 -4 interposed between said 20 
pair of electrodes. 
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